As the name indicates, navy beans became very popular in the mid-nineteenth century when they started being offered regularly as part of the diet on U.S. Navy ships. They were also considered an ideal food for the long journeys of pioneers across the American continent and were even mentioned in the journals of Lewis and Clark (Albala, 2007) . Navy beans belong to the Mesoamerica race and are closely related to black beans, another important market class (Singh et al., 1991) . Genotypes within this race have small seeds (100 seeds weigh less than 25 g), and most modern cultivars have an indeterminate growth habit type II or III (Singh, 1982) . Although the frequency of type I determinate beans is very low in the Mesoamerican race, it was the dominant growth habit in navy beans from the 1960s to the mid-1990s. The navy bean class was dominated by varieties such as 'Sanilac', 'Seafarer', 'Midland', and 'Upland' in North Dakota. The last cultivar was widely grown and practically established the navy bean industry in the northern Great Plains. Type III navy bean cultivars are no longer used, because older varieties, such as 'Michelite' and 'Saginaw', were replaced by determinate types in the 1960s (Kelly, 2001; Vandenberg and Nleya, 1999) . Small-seeded cultivars account for the majority of the area grown with beans worldwide. From a breeding standpoint, intraracial crosses among navy and black beans are commonly made in breeding programs with the objective of obtaining improved genotypes that could fi t into both market classes (Beaver and Osorno, 2009; Singh, 1999) .
Canada, the United Kingdom, and the United States are the main consumers of navy beans. Given their industrial development, most of the production is commonly used to supply the canned-beans market, especially in the United Kingdom (Schneider, 2002) . The bean-canning industry has stringent requirements with regard to certain seed-quality traits, such as water absorption, color retention, and split seeds, among others (Balasubramanian et al., 2000; van der Merwe et al., 2006; Wang et al., 1988; Wright, 2008) . The canning industry usually prefers the regular use of the same cultivars for their processing to maintain uniformity of quality standards. Consequently, a signifi cant portion of the navy bean production (especially in United States) is based on contracts with the growers that require them to plant specifi c cultivars. In North Dakota and Minnesota for example, a small group of cultivars (Ensign, Vista, Navigator, Norstar, 'T9903', and 'T9905') are the ones mainly grown in the region (Knodel et al., 2010) .
Given the excellent agronomic and seed-quality attributes of Avalanche navy bean PI 656378) , this cultivar has the potential to increase the navy bean productivity in the northern Great Plains, where diseases of beans are frequently found and are the main limitation for optimal crop productivity (Schwartz et al., 2005) . Fungal, bacterial, and viral diseases are commonly found, either alone or in conjunction with several other pathogens, and affect yield potential signifi cantly (Knodel et al., 2010; Teran et al., 2009 In addition, abiotic stresses-such as fl ooding, frost, micronutrient defi ciency (especially Zn and Fe), and drought in some instances-can also affect productivity. Navy beans are particularly sensitive to low levels of Zn in the soil (Moraghan and Grafton, 1999) . Most of the dry-bean production within the northern Great Plains is in the Red River Valley. This environment represents a unique region, one that is very different from most other dry-bean growing areas in United States (USDA-NRCS, 2010) . Almost all production in this region occurs under rain-fed conditions; the soils are very heavy (2:1 expansible clays), with high organic-matter content; and the growing season is very short (approximately 90-105 d). These environmental conditions represent a challenge for growers and for cultivars developed to be used mainly in other regions. There is a need for cultivars that can better withstand diseases, abiotic stresses, and maturity limitations in the region. Therefore, genotypes improved specifi cally for North Dakota, Minnesota, and the surrounding regions will better meet the productivity expectations and allow growers to remain competitive in the global economy, delivering high-quality beans to consumers throughout the world. Avalanche navy bean is a new cultivar that has the potential to become popular among growers in the northern Great Plains given its competitive seed yield and quality, agronomic performance, disease resistance, and maturity, relative to other cultivars.
Materials and Methods
Avalanche (previously coded as ND012103), is a navy bean line selected from the cross 96-177-01-01/98-360, which was made in 1999. It was the fi nal step of a complex hybridization series (Fig. 1 ) that involved crosses made in 1985. This cross was an attempt to combine several traits, such as high seed yield, earliness, erect architecture, desirable seed characteristics, and resistance to multiple diseases.
The NDSU breeding line 96-177-01-01 involves several crosses with other breeding lines and cultivars (Fig. 1) . Breeding lines N85007, N90616, and N90618 are from Michigan State University. N85007 is an upright, early-maturing line with high yield that resulted from the cross of two other breeding lines (N81058/N80038). N90616 and N90618 are sister lines from the cross Mayfl ower/'Crestwood' (Kelly et al., 1989; Gentec, Twin Falls, ID) . Both lines combine the tolerance to white mold derived from Crestwood with the upright plant architecture of Mayfl ower (J. Kelly, personal communication, 2007) . Navy bean ICA Bunsi (Syn. ExRico 23) was released by the Colombian Agricultural Institute (ICA, Colombia) in 1974 (Wehner, 2002) and is one of the most important sources of resistance to white mold (Tu and Beversdorf, 1982; Miklas et al., 2006; Miklas et al., 2007) . In addition, ICA Bunsi has resistance to ozone bronzing caused by ozone air pollution. Northland is a determinate navy bean cultivar released by W.G. Thompson and Sons, Ltd. (Ontario, Canada) in 1983 with very early maturity and resistance to Bean common mosaic virus (BCMV) (Wehner, 2002) . Norstar is a navy bean cultivar released in 1991 by the NDAES that possesses early maturity, upright and narrow plant architecture, and resistance to rust and BCMV (Grafton et al., 1993) . The other parental line of Avalanche (98-360) is an NDSU breeding line obtained from the cross Voyager/Black Knight. Voyager is a navy bean cultivar with upright plant architecture released by Rogers/Syngenta Seeds (Boise, ID) in 1995. Black Knight is a high-yielding black bean cultivar jointly released by the Florida, Idaho, and Cornell Agricultural Experimental Stations (Halseth et al., 1998) . Vista (Gentec, Twin Falls, ID), and Mayfl ower by 10 and 8%, respectively (Table 1) , and Norstar by 11% (Table 2) .
Statistical Analysis
Two combined analyses of variance (with three and four cultivars, respectively) were conducted for seed yield using a mixed model in which the cultivars were considered fi xed effects and the environments, random. Environments were considered homogeneous when the ratio of the effective error variances for each trait was less than 10-fold. These analyses included only cultivars commonly grown across environments (years and locations). F-protected LSD was used as a way to separate means among cultivars. Additional pairwise comparisons were made between Avalanche and two cultivars using the t test (P ≤ 0.05).
Characteristics
Avalanche is a medium-maturing, high-yielding navy bean with very good seed size, shape, and appearance. The seed is very uniform in size and of an appearance similar to other commercially available navy bean cultivars. Avalanche has white fl owers, a dark-green leaf color, an erect plant structure (Type II, short vine), and good lodging resistance. Avalanche exhibits good synchronous plant dry-down before harvest (both plant and pods mature concurrently). Maturity is 5 and 2 d earlier than Vista and Mayfl ower, respectively. The upright plant structure, along with its synchronous dry-down, suggests that this line may be suitable for direct combining, given appropriate equipment and operator care.
Avalanche is resistant to BCMV due to being homozygous dominant at the I locus, but it is susceptible to the necrotic strain, BCMNV. Avalanche is moderately resistant to all races of rust commonly found in the region (homozygous for Ur-3). This was also confi rmed by Dr. Talo Pastor-Corrales at USDA-ARS in Beltsville, MD. Unfortunately, the Ur-3 gene has been overcome by a new race of bean rust recently discovered in North Dakota (Markell, 2009) . Greenhouse screening of commercial cultivars commonly grown in the region showed that most of them were susceptible to this new race, including Avalanche Pastor-Corrales et al., 2010) .
When Avalanche was tested in our soil-Zn-defi cient location (Prosper, ND) for several years, Avalanche proved to be insensitive or tolerant to this condition when compared with Vista (which is very sensitive). A sensitive genotype typically will show shortening of internodes or plant stunting, interveinal chlorosis and bronzing of leaves, delayed fl owering and maturity, reduced biomass production, and consequently, a reduction in seed yield (Blaylock, 1995; Moraghan and Grafton, 1999) . A single dominant gene (Znd) has been found to control the sensitivity to this soil condition (Singh and Westermann, 2002) . The adverse effects of Zn-defi ciency can be observed when comparing the seed yield and maturity of Avalanche and Vista at Prosper, ND (Tables 1, 2 , and 3). The phenotypic observations suggest that Avalanche could be homozygous dominant for the Znd gene (ZndZnd), whereas Vista may be recessive (zndznd). However, allelism tests are needed to confi rm this.
In the summer of 1999, the F 1 seed from the fi nal cross was grown in the fi eld in Fargo, ND. F 2 seeds were then planted in spaced-plant rows in a fi eld near to Hatton, ND in 2000, and individual plants were selected and harvested. Seed from each plant was grown in individual rows at the Puerto Rico winter nursery (Isabela, PR) in 2001. The line coded as ND012103 was selected and F 4 seed was bulk harvested and sent back to North Dakota. Given its excellent visual appearance for architecture, yield potential (pod load), maturity, plant growth habit, and lack of disease symptoms, the line was directly included in the navy preliminary yield trials (NPYT) at two locations in North Dakota (Erie and Hatton) in the summer of 2001. Breeding line ND012103 was one of the best lines in these trials, and therefore it was moved up to the navy advanced yield trials (NAYT) for additional testing across multiple years and locations in North Dakota. was screened in the greenhouse for its reaction to bean rust, anthracnose, BCMV, and Bean common mosaic necrotic virus (BCMNV). Seed of 20 resistant plants was bulked to form the breeder seed. In the summer of 2005, ND012103 was included again in the NAYT at three locations (Carrington, Hatton, and Johnstown, ND). Simultaneously, breeder seed of ND012103 was increased in a fi eld near Prosser, WA. In the summer of 2006, ND012103 was included in the NAYT at Hatton, Johnstown, and Prosper, ND and it was also entered in commercial variety trials (VT) at Carrington, Langdon, Minot, Forest River, Hatton, and Prosper, ND. During the same year, ND012103 was increased as breeder seed in a fi eld near Quincy, WA. In the summer of 2007, ND012103 was included in the NAYT at Carrington, Hatton, Johnstown, and Prosper. In the same year, ND012103 was also entered in the commercial variety trials (VT) at Carrington, Cavalier, Langdon, Minot, Oakes, Forest River, Hatton, and Prosper, ND. Simultaneously, breeder seed was produced in a fi eld near Kimberly, ID. Given the superior performance of ND012103 across most of the environments tested, the line was recommended for release during the winter of 2008 and named Avalanche. Since then, Avalanche has been tested continuously in more yield trials in the region with the objective of additional evaluation and promotion. In addition, Avalanche has been included in the Cooperative Dry Bean Nursery (CDBN), which is a trial conducted at more than 10 locations in the United States and Canada every year.
From 2001 to 2009, Avalanche has been tested in more than 60 environments (locations and years) across North Dakota and Minnesota, as well as other states. Seed yield of Avalanche ranged from 493 kg ha −1 when grown in the least favorable conditions (e.g., Hettinger, ND) to 3987 kg ha −1 in the best locations (e.g., Langdon, ND). Avalanche has shown excellent performance in many of the environments tested, with yields that are superior to other navy bean cultivars. Data showed that Avalanche out yielded score of 4. In an additional canning test made by a canning company, in which samples are classifi ed either as acceptable or unacceptable, Avalanche was rated as acceptable.
A combined analysis for seed yield was made using 38 common environments (years and locations) in North Dakota and Minnesota (Table 1) 
in which Avalanche was
Canning tests made at Michigan State University showed that Avalanche was similar to Vista in terms of visual appearance and quality. A visual scale from 1 to 7 was used, where scores between 1 and 3 were considered as unacceptable, 4 was acceptable, and 5 to 7 were highly desirable. In these tests, Avalanche was classifi ed as acceptable with a 14 † NPYT, navy preliminary yield trial; NAYT, navy advanced yield trial; NVT, navy variety trial; MVT, miscellaneous variety trial; VT, variety trial. ‡ Carrington-D was a dryland trial, and Carrington-I was an irrigated trial. All the other trials were under dryland conditions. All locations are in North Dakota, except Park Rapids and Perham, which are in Minnesota. § Mean, CV, and LSD are from the whole experiment (all entries) at each environment. ¶ Different letters indicate signifi cant differences at the 0.05 level. Values were obtained from the combined ANOVA.
Journal of Plant Registrations, Vol. 5, No. 2, May 2011 tested along with two navy bean cultivars commonly grown in the region (Mayfl ower and Vista). As expected, genotype by environment interaction was highly significant. However, the cultivar effect (also highly signifi cant) explained a larger portion of the total variation. F-protected LSD allowed separation of the cultivars in two tiers, where Avalanche was the top-yielding cultivar and signifi cantly different from Mayfl ower and Vista, which were grouped together in a second tier (Table 1) A second combined analysis was conducted with the objective to validate the results observed in the fi rst analysis. In this case, it was possible to compile information on Avalanche and three navy cultivars (Navigator, Norstar, and Vista) that were commonly grown at 26 environments in North Dakota (Table 2) . Genotype by environment interaction and cultivar effects were highly signifi cant, but the cultivar effect explained a larger portion of the total variation. Mean separation tests (F-protected LSD) classifi ed the cultivars into two groups, where Avalanche, Navigator, and Vista formed the top yielding group, followed by Norstar, which was signifi cantly different from the rest of the cultivars. Still, Avalanche was the top-yielding cultivar among them (2586 kg ha −1 ). Additional pairwise comparisons also showed that seed yield of Avalanche was not statistically different from that of other navy bean cultivars, such as Lightning (Smith et al., 2009) and Ensign (released by Syngenta in 2006 and now owned by ADM-Seedwest Co., Decatur, IL). During 2008 and 2009, both Avalanche and Lightning were included within the CDBN trials conducted across most dry-bean production regions in United States, Canada, and Puerto Rico, which accounted for a total of 20 environments (Hang and Rayapati, 2008; Miklas, 2009) . A t test across locations showed no signifi cant differences (P = 0.10) , respectively). The slightly superior yields observed with both Lightning and Ensign could be explained in part by the larger seed size observed in these two cultivars in comparison to Avalanche (Table 3) .
Given its excellent yield performance, agronomic traits, and disease resistance, Avalanche navy bean has the potential to become one of the most important cultivars not only in North Dakota and Minnesota but also in other areas. We anticipate that this new cultivar will have a direct economic impact to the growers and the navy bean production regions.
Availability
Breeder and foundation seed of Avalanche will be maintained by the NDSU Foundation Seedstocks Program (http://www.ag.ndsu.nodak.edu/aginfo/seedstock/fss/ fsshome.htm [verifi ed 12, Jan. 2011] (PVP No. 200900222) . A seed sample has been deposited in the USDA-ARS National Center for Genetic Resources Preservation (NCGRP) and will become available for distribution after expiration of its U.S. Plant Variety Protection. Small quantities of seed of Avalanche for research purposes are available from the corresponding author during the fi rst 5 yr. If Avalanche is used for research or contributes to germplasm enhancement or development of breeding lines or cultivars, appropriate acknowledgment of the researchers and institutions responsible for development of Avalanche will be greatly appreciated. Ensign 107 ± 7 20.8 ± 2 50 ± 10 IIb 1.5 U R U † Growth habit is based on CIAT scale, where I, determinate bush; II, upright, short vine (IIb has a tendency toward fl oppiness); III, prostrate vine (IIIa will be erect in certain environmental conditions); IV, indeterminate climber. ‡ Lodging visual scores ranges from 0 to 9, where 0 = 100% erect, 9 = no erect plants. § R, resistant; MR, moderately resistant; S, susceptible; U, unknown/no data. Disease reactions for Lighting and Ensign were obtained from previous publications (Smith et al., 2009; Syngenta, 2006) . The rest of cultivars were screened with a mixture races commonly found in the region. All cultivars are susceptible to race 20-3. Screening for BCMV and anthracnose was performed using the NY15 strain and race 73, respectively.
